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To Whom It May Concern: 

On December 17,2001, the Consumer Healthcare Products Association (CHPA)’ 

submitted detailed comments supporting its position that: 

9 A thorough review of FDA’s AER system and other information indicates that there 

are no unexpected signals for concern relating to accidents associated with OTC 

antihistamines; 

. Neither the available data from FDA’s adverse experience reporting system nor the 

unproven nature of pictograms in an OTC setting provides any support for changes in 

OTC labels to bring further prominence to drowsiness warnings on OTC 

antihistamines, either by pictograms, symbols or other means. 

At the time of the submission of CHPA’s December 17’h comments, the 

transcript of the November 14-15 meeting was not available. Since a number of expert 

SUPA 
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witnesses invited by the government were supportive of the perspective and conclusions 

provided in CHPA’s December 17th submission, CHPA stated that it would be 

submitting an addendum to its comments, highlighting certain important aspects of 

statements of the expert witnesses that are supportive of the association’s position. 

In addition, one witness commented that the antihistamines included for study by 

Ray et a1.2 were second generation antihistamines3. At the joint hearing of FDA and 

NTSB (National Transportation Safety Board) on November 14-15,2001, CHPA 

presented the study by Ray et al. as supportive of the safety of first generation over-the- 

counter (OTC) antihistamines. We have clarified this apparent discrepancy in support of 

our position. 

We ask that FDA accept this addendum to CHPA’s December 17’h comments as 

information important to the consideration of the safety of OTC antihistamines. These 

comments are organized in two parts, the first addressing a summary of the study by Ray 

et al., and the second highlighting several aspects of the meeting, as expressed in the 

transcript. 

I. Ray, W.A. et al: Psychoactive Drugs and the Risk of Injurious Motor 
Vehicle Crashes in Elderly Drivers. Am. J. Epidemiol. 136(7): 873~83,1992. 

During Q&A on the epidemiology panel of the November 14-15 FDALNTSB 

meeting, one invited participant maintained that the antihistamines studied in the 

Tennessee database analyzed by Ray et al. did not contain “sedating antihistamines” (i.e., 

first generation antihistamines; see transcript of November 14th at page 218; web-based 

copy). Subsequent to the meeting, CHPA followed up with the Tennessee Department of 

Health, and received a report that the antihistamines assessed in the Medicaid files by 

Ray et al. were in fact prescription versions of first generation antihistamines. Based on 

2 Ray, W.A. et al: Psychoactive drugs and the risk of injurious motor vehicle crashes in elderly drivers. 
Am. J. Epidemiol. 136(7): 873-83, 1992. 
3 Second generation are currently are available only with a doctor’s prescription. By contrast, first 
generation antihistamines include the following, which are available over-the-counter: brompheniramine; 
dexbrompheniramine; chlorpheniramine; cyclizine; dexchlorpheniramine; dimenhydrinate; 
diphenhydramine; doxylamine; meclizine; phenindamine; pyrilamine; triprolidine. 
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this follow-up report, we submit herein the study by Ray et al. as further support for the 

position that there are no unexpected signals for concern, in either FDA’s AER database 

or in other information including the published literature, relating to accidents associated 

with OTC antihistamines. 

Specifically, the study by Ray et al. determined the risks for an injurious crash for 

drivers who had received prescriptions for various drugs, using prescription and crash 

records for 16,262 elderly (65-84) drivers in Tennessee. The relative risks found for 

current users of the following drugs were, for example: 1.5 for any psychoactive 

prescription drug (95 percent CI 1 .l-2.0); 2.2 for cyclic antidepressants (95 percent CI 

1.3-3.5); 1.5 for benzodiazepines (95 percent CI 1.1-2.0); and 2.1 for users of both 

benzodiazepines and antidepressants (95 percent CI 1.1-4.2). However, the relative risk 

for current users of only Rx first generation antihistamines was 1.2 (95 percent CI 0.6- 

2.4), and no dose effect demonstrable. These findings indicate that the overall relative 

risk of injurious crash involvement for current elderly users of benzodiazepines, cyclic 

antidepressants, Rx antihistamines, and opiod analgesics is confined to the first two 

classes of drugs. It should be noted that this study did non assess OTC use of first 

generation antihistamines, having derived prescription drug use by the elderly from 

Medicaid files. (Medicaid files would not be expected to include data for OTC products 

because they are typically not covered by this medical coverage). Nevertheless, the 

study indicates a very low reported involvement of prescription first generation 

antihistamines in crashes during the period studied, and the CHPA AER analysis4 

covering much of the period following this study is consistent with this view. 

The study by Ray et al. should therefore be included with the studies by the 

National Highway Traffic Safety Administration (NHTSA)‘, the study by Tumbridge et 

4 Submitted in CHPA’s December 17* Comments to the Docket. 
5 Terhune, K. W. et al.: The incidence and role of drugs in fatally injured drivers. U.S. Department of 
Transportation, National Highway Traffic Safety Administration Report No.: DOT HS 808 065, October 
30, 1992. 
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a1.6, and the study by Leveille et al.’ as support for the conclusion that first generation 

antihistamines have little effect of risk of traffic accidents, as concluded for example by 

Leveille et al. (see CHPA December 17th submission). 

II. Highlights of the Transcript of the November 14-15 FDA/NTSB Meeting 

Two aspects of the transcript of the November 14-15 meeting should be 

highlighted because they reiterate and underscore arguments presented by CHPA: one 

pertaining to epidemiology; the other to labeling. 

First, with respect to the epidemiology, Dr. Mitchell Garber (Medical Officer) of 

the NTSB asked the epidemiology panelists to comment on the CHPA presentation in the 

context of the question: “Do you agree with that assessment, that the sedating 

antihistamines are likely not a problem, based on adverse event experience reporting?” 

(See transcript at page 191-192; web-based copy.) In response, the panelists replied: 

MR. WAYNE JEFFERY (Toxicology Services, RCMP Forensic 
Laboratory, Vancouver, BC): In the BC data, we only had one fatal motor vehicle 
accident caused by the antihistamines, and yes, I’d agree with them. I mean, on 
the scale of impairing drugs, it’s at the lower level. There are other drugs that 
we’re more interested in, yes. 

DR. GARBER (NTSB): Any of the other -- 
DR. FIONA COUPER (Washington State Toxicological Laboratory, 

Washington State Patrol, Seattle, WA): I would essentially agree with that. The 
cases, though, that we’ve seen with the sedating antihistamines, diphenhydramine 
for example, the people are taking them in huge amounts. They’re not therapeutic 
doses at all. Just the toxicology, the blood results in and of themselves must mean 
that they’re taking way above the therapeutic levels. 

So, in that regard, yes, they are probably very sedating, but normal 
therapeutic doses, no, we’re not seeing those in our cases. 

MS. JUDY STEVENS (National Center for Injury Prevention and 
Control, Centers for Disease Control, Atlanta, GA): Most of the epidemiologic 

6 Turnbridge, R., Clark, A., Ward, N., Dye, L., and Berghaus, G.: Prioritizing drugs and medicines for 
development of roadside impairment testing. CERTIFIED-DRl, University of Leeds (Work funded by the 
European Commission), 2000. 
’ Leveille, S. G. et al.: Psychoactive medications and injurious motor vehicle collisions involving older 
drivers. Epidemiology 5: 591-598, 1994. 
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studies that have tried to look at these were looking at only the prescribed 
antihistamines, and there is really no way of knowing whether people were taking 
over-the-counter medications from the records. So, that really is something that 
needs to be looked at, I think, a little bit further. 

MR. DOUGLAS ALLEN(Alcoho1 and Drug Program Management, 
Federal Rail Administration, Washington, DC): I would have to say the same 
thing because we’re, as you just pointed out, looking for the prescribed 
medications as opposed to the over-the-counter, and the data reflects that we have 
not found it in our reviews. 

Hence, there was no evidence presented to challenge the CHPA presentation that 

included both published epidemiologic studies and a detailed review of the adverse 

experience reports (AERs) pertaining to OTC first generation antihistamines over the past 

ten years. 

Second, with respect to labeling. No evidence was presented to provide empirical 

support for the use of pictograms or icons on the OTC label. Furthermore, in relation to 

the use of the red triangle in Norway and a yellow triangle in Denmark, Dr. de Gier 

(Ultrecht Institute for Pharmaceutical Science, The Netherlands) provided a rather 

disconcerting view that such icons are widely misinterpreted and/or ignored, as follows 

(see transcript at pages 442 and 449; web-based copy): 

DR. JOHANN de GIER (Ultrecht Institute for Pharmaceutical Science, 
The Netherlands): In Norway, and probably you will explain a little bit more, the 
Red Triangle system was introduced in 1981 and later on in 1983 in all the Nordic 
countries. And -- but also here, hard to say how effective it was. In 1987 there 
was an evaluation in Sweden that actually explained that three years after the 
implementation that 50 percent of the patients receiving a medication with a red 
triangle on the medication box did not really understand the meaning of it. They 
thought it was something that indicated poison or that it was to keep it out of 
reach of children. So, there was not an understanding that all the patients 
understood what was going on. 

And also in the Netherlands we looked at that and we found out that one- 
third of the patients receiving that yellow sticker actually took any action, which 
means not drive at all, drive less, or in some situations also stopped taking the 
medication, which of course is not the right thing to do if you are treating some 
kind of a disease. 
. . . 

DR. de GIER: Well, with respect to the responsibilities in transportation 
safety and public health, I think that even the existing systems but also if we 
would like to follow the Nordic countries by introducing the red triangle, we still 
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need to have a good evaluation before and after implementation of the effect of 
this kind of warning system and we’re still lacking that. 

Hence, based on a review of the transcript of the November 14-15 FDA/NTSB 

meeting, CHPA concludes that no additional information was presented that would 

challenge the conclusions made by the association at the meeting and in its follow-up 

comments pertaining to epidemiologic and labeling issues. 

III. Conclusion 

In conclusion, CHPA maintains that OTC antihistamines are generally recognized 

as safe and effective and properly labeled. Information presented by the association at 

the November 14-15 FDA/NTSB meeting and in previous follow-up comments supports 

this conclusion. This second follow-up submission highlights aspects of the transcript 

and clarifies the epidemiologic database used by Ray et al., all of which continues to 

support the association’s position on the safety of first generation antihistamines. 

A Reypectfully sub&ed by: 

R. William %ller, Ph.D. 
Senior Vice President and 

Director of Science & Technology 

Attachment: Correspondence between CHPA and Dr. Wayne Ray, including Dr. Rays’ 
published study: Ray, W.A. et al: Psychoactive drugs and the risk of 
injurious motor vehicle crashes in elderly drivers. Am. J. Epidemiol. 
136(7): 873-83, 1992. 

WS/jq:OTC Ingredients/Antihistamines/Post Transcript Submission Ahs FDA NTSB 1 



Quaempts, Judith 
From: Bradley, Bill 
Sent: Friday, February 01, 2002 2:12 PM 
To: Soller, Bill; Quaempts, Judith 
Subject: FW: 

-----Original Message---- 

l 

From: Bradley, Bill 
Sent: Wednesday, January 02,2002 759 AM 
To: ‘Cindy.Naron@mcmail.vanderbilt.edu’ 
Subject: RE: 

Thank you very much. 

Bill Bradley 

----Original Message----- 
From: Cindy.NaK, 

[mailto:Cindy,Naron@4mcmail.vanderbiIt.~du~ 
Sent: Friday, December 28, 2001 4:ll PM 
To: Bradley, Bill 
Subject: 

Dear Dr. Bradley: 

Dr. Ray received a fax from you on December 10, 2001, regarding one of his 
published studies in the 1992 American Journal of Epidemiology. 

Dr. Ray has asked that I respond with the following: 

Dear Dr. Bradley: 

Thank you for your recent inquiry regarding out previous study. As you 
surmised, only the first-generation anti-histamines were included in our 
study. 

Best Regards. 

Wayne A. Ray, Ph.D. 
Professor and Director 
Division of Pharmacoepidemiology 



, ’ 

~ipllll 
FOUNDED 1881 

Consumer Healthcare Products Association 

FAX TRANSMISSION 
Consumer Healthcare Products Association 

1150 Connecticut Ave., N.W. 
Washington, DC 20036 

Phone 202-429-9260 Fax 202-223-6835 
www.chpa-info.orq 

Date: December 10,200 1 

To: Dr. Wayne A. Ray 

Number of pages (including this cover page) 1 

Dr. Ray, 

In 1992, you published a study in the American Journal of Epidemiology called 
“Psychoactive Drugs and the Risk of Injurious Motor Vehicle Crashes in Elderly 
Drivers. ” 

One of the classes of drugs studied was antihistamines. It was unclear from the paper 
whether these included only second-generation (non-sedating) antihistamines, or also the 
first-generation (sedating) antihistamines. In the 1984-1988 time period of the study, the 
only non-sedating antihistamine would have been terfenidine (Seldane). The major Rx 
sedating antihistamine would have been diphenhydramine (Benedryl) with some 
prescriptions for chlorpheniramine. 

Was there a distinction made between the two classes of antihistamines, or is there any 
way of determining whether both classes were included in the study analysis. 

I would greatly appreciate your help on this important question, and eagerly await your 
reply. 

Thank you in advance. 

W illiam W. Bradley 
Vice President - Technical Affairs 
Consumer Healthcare Products Association 
Phone 202-429-9260 
Fax 202-223-6835 
bbradley@chpa-info.org 
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psychoac tive Drugs  a n d  th e  Risk o f In ju r ious  M o tor  Veh ic le  
c rashes  in  E lder ly  O r ivers 

W a y n e  A . Ray,  R a n d y  L. Fought ,  a n d  M ichae l  D. Decke r  

To  de te rm ine  w h e t h e r  c o m m o n l y  u s e d  psychoac t i ve  drugs  increase the risk of 
invdvement  i n  mo to r  veh ic le  c rashes  for  dnve rs  1 6 5  years  of  a g e , the au thors  
conduc ted  a  re t rospect ive  cohor t  s tudy.  Da ta  w e r e  ob ta ined  f rom computer i zed  fi les 
f rom the  T e n n e s s e e  Med ica Id  p r o g r a m ,  d r iver’s l i cense fi les, a n d  po l ice  repMts  of 
in jur ious crashes.  Coho r t  m e m b e r s  w e r e  Med ica id  en ro l l ees  6 5 - 8 4  years  of a g e  w h o  
h a d  a  val id  dr iver’s l i cense d u r i n g  the  s tudy  p e r i o d  1 9 8 4 - 1 9 8 8  a n d  w h o  m e t o ther  
cr i ter ia d e s i g n e d  to e x d u d e  D e r s o n s  unl ike ly  to  b e  dr ivers  a n d  to ensu re  avai labi l i ty of 
nwssary  study data.  The re  w e r e  16 ,262  p e r s o n s  in  the study c~hof t  wi th 38 ,701  
person-years  of fo l low-up a n d  invo lvement  in  4 9 5  in ju r ious  crashes.  For  four  g roups  of 
psychoact ive d r u g s  (benzoo lazep lnes ,  cycl ic an t idepressan ts ,  ora l  op io id  ana lgeSkS ,  
a n d  ant ih is tamines),  the r isk of  c rash  invo lvement  w a s  calcu la ted with Po isson  regres-  
s ion  mode is  that  contro l led for  d e m o g r a p h i c  character is t ics a n d  use  of med ica l  ca re  as  
a n  indicator  of  hea l th  status. T h e  relat ive r isk of  q u r ~ o u s  crash invo lvement  far current  
usefs  of any  psychoac t i ve  d r u g  w a s  1.5 ( 9 5 %  con f i dence  in terval  (Cl)  1.2- l  .9). This  
inc reased  risk w a s  c o n fin e c  to  b e n r o d i a z e p i n e s  ( re la t ive r isk =  1.5; 9 5 %  Cl  1.2-I  .9) 
a n d  cyclic an t idep ressan ts  I; e la t ive r isk =  2 .2 : 9 5 9 i o  Cl 1 .3-3.5) .  For  these drugs,  the 
relat ive risk i n c reased  wi th  case  a n d  was  substant ia l  for  h i g h  doses :  2 .4  ( 9 5 %  Cl  1 .3 -  
4 .4 )  for 2 2 0  m g  si d i azepan :  a n d  5 .5  ( 9 5 o / o  Cl  2 .6- l  1 .6 )  for 2 1 2 5  m g  of  amitr iptyt ine. 
Analys is  of d a ta  for  the  c ram- invo lved  dr ivers  s u g g e s t e d  that these f ind ings w e r e  not  
d u e  to  c o n f o u n d l n g  by  a lcon>\  u s e  o r  d r i v ing  f requency .  A m  J Ep idemio l1992 ;136 :873 -  
8 3 . 

accidents,  traffic: ar,algesics.  amct ive;  an t idepress ive  agents;  benzod iazep ines ;  hista- 
m i n e  H, recep to r  b lockaders .  psycho t rop ic  d r u g s  

For  o lde r  persons  in  the Li i ; i ted S tates 
today,  cont inu ing  to  dr ive is ffiilu e n tly es-  
sent ia l  to m a i n ta in ing  i n d e p e n d e n c e . In  
1 9 8 6 . 5 8  p e r c e n t o f pe rsons  6 5  wars  o f a g e  
o r  o lde r  h e l d  dr iver’s l i censes  .in d  m a n y  
c o n tin u e  to  dr ive  jntcl th e  ninr! :  d e c a d e  o f 

Rece ived  for pub l ica t ion @ c!ober  4. 1 9  +  1, a r A  In f inal  
fo rm M a r c h  25 ,  1 9 9 2 .  

Abbrev ia t ion:  Cl, conf tderxe interval.  
f tum the Depactmcnt  of P r rz  .,enfive M e d ~ ~ n e ,  Vanderb i l t  

Unwersr ty  Schoo i  of Mec:xt i  ‘\ ,ashviRe, T/d 
Repnn t  requests  to Dr. W a y n e  A . Ray,  3 e p a n m e n t  of 

Prevent ive  Med ic ine ,  A - l  1 2 4  MCN,  Vanderb i l t  ‘Jnwers i ty  
Schoo l  of Med ic ine ,  NashwI le.  TN  3 7 2 3 2 - X 3 7  

S u p p o r t e d  by  grants  t rom the Cen:e-  for E & e a s e  
Cont ro l  (xxE-85-0874) ,  A tlanta, G A , ant; i t le F o o d  a n d  
D rug  Admints t ra t ion ( F D 4 J O O O O O 7 3 ) ,  ROChVt l i e .  MD.  

W e  grate fuNy acknowtedc  _  0  the assIst% w e  0 1  S u s a n  
P a tterson in  manuscnp t  preparat ion.  

6 7 3  

life  ( 1).  H o w e v e r , th e  abi l i ty o f th e  o lde r  
di i \Lar  to  safely o p e r a te  a  m o tor  veh ic le  m a y  
b e  zdvcrse ly  a ffec ted  by  th e  dec reases  in  
scnsoq.  cogni t ive,  a n d  m o tor’ fu n c tio n  a n d  
that  i nc rease  i n  p reva lence  o f i l lness th a t 
x c o m p a n y  a g i n g  (2, 3).  For  dr ivers  6 5  years  
o f a c e  o r  o lde r . th e  ra te o f i nvo lvement  in  
m o to r  veh ic le  c rashes  p e r  m ile d r i ven  in-  
c rexes  e x p o n e n tia l ly  wi th a g e  (4). Thus,  
th e r e  h a s  b e e n  cons ide rab le  recent  interest  
( 3 -  7  ) in  e luc ida t ing  th e  factors  th a t in f luence  
th e  safety o f o lde r  dr ivers.  T h e s e  d a ta  a re  
essent ia l  to  d e v e l o p m e n t o f po l ic ies  regu la t -  
i ng  tes t ing a n d  re l i cens ing  o f th e  o lde r  
dr iver,  to  phys ic ian  counse l l i ng  o f o lde r  pa -  
tie n ts, a n d  to  i m p l e m e n ta tio n  o f p r e v e n t ive 
m e a s u r e s . 
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The use of psychoactive drugs ma>’ inter- 
fere with the older driver’s ability to s~t~l!~ 
operate a motor vehicle (3. 8- 10). These 
medications are known to produce general 
psychomotor impairment in persons 65 
years of age or older ( II- 16 1. For persons 
less than 65 years of age. there is an e?.:en- 
sive body of experimental research that 
shows that benzodiazepines produce a dose- 
related impairment in performance on tests 
of driving-related psychomoror skills. In- 
cluding reaction time (I 7). stimulus derec- 
tion (18). hand-eye coordination (19). and 
simulated driving (20-22). O’Hanlon et al. 
(23) have demonstrated that a single dose of 
10 mg of diazepam given to healthy young 
males impaired road-tracking ability during 
uninterrupted high-speed highway dri \,ing. 
Similar adverse effects on psrformancc in 
the laboratory or on the road have been 
demonstrated for other benzodiazep!nes 
(24-26). barbiturates (26). cyciic antidc’pres- 
sants (27). opioid analgesics ! 10). and s&at- 
ing antihistamines (28). There are limIted 
epidemiologic data that suggest that gs>- 
choactive drugs increase risk oi involvement 
in crashes (29-31). although this finding is 
still controversial (32). 

However, although psychoactive drug; art’ 
among the most frequently used mcxa- 
tions in elderly populations (33), lit:,: is 
known concerning their effects on drl\ving 
performance or on risk of motor W-xlc 
crashes for drivers 65 years of age or L:rJer. 
To address this latter question. WC per- 
formed a retrospective cohort study o: the 
risk of involvement in injurious motvr ye- 
hicle crashes in a defined population of oider 
l icensed drivers. 

MATERIALS AND METHODS 

Sources of data 

Study design. The stud), subjects Ii erc 
persons 65-84 years of age who were cn- 
rolled in Tennessee Medicaid at some ume 
during the study period 1984- 1988 who had 
a valid driver’s license and met several c’: her 
entry criteria designed to exclude pc!t,um 

unlikely to be regular drivers rind to ensure 
that n~cssaty study data Msere avaiiablc. 

The stud\, was conducted among elder\! 
Medicaid enrollees because the Medicaid 
program kept computerized records of pre- 
scriptions filled at the pharmacy. providing 
a detailed 2nd unbiased indicator of the USC 
of psychoactive drugs. However, because the 
majority of enrollees under 65 years of age 
consist of’ children. young women. and the 
severely disabled (34), this data source is less 
suitable for studying the effects of psychoac- 
tive drugs in younger drivers. Computerized 
files maintained by the Tennessee Depart- 
ment of Safety were used to identif! 
Medicaid enrollees with driver’s l icenses and 
their invplvement in motor vehicle cashes. 

Medicaid files. The enrollment file iden- 
tified persons who were eligible to receive 
Medicaid benefits. it included each enrol- 
lee’s Medicaid number. name, address, so- 
cial secur-it!, number. date of birth; dates and 
basis oi Medicaid enrollment. sex, race. 
county of residence. and date of death (34). 
The pharmx!? file contained a record of 
each prescription for drugs filled for outpa- 
tients and reimbursed by Medicaid. Each 
record identified the patient’s Medicaid 
number. the date the prescription was filled. 
the drug name and quantity dispensed, and 
the anticipated duration of the prescription 
(days of supply). Other files contained infor- 
mation on inpatient hospital admissions. 
emergency room visits, and nursing home 
stays. The Medicaid data elements used for 
this study have a high level of accuracy and 
completeness (35). because they are required 
for provider payments and thus are subject 
to periodic audits. 

Driving files. The driver’s license file main- 
tained a cumulative record of persons issued 
a Tennessee driver’s license. The file in- 
cluded each person’s license number, name. 
address, social security number. sex. date of 
birth. t!vpe of license. most recent renewal 
(or issue) date. previous renewal date, and 
termination (expirarion, revocation, suspen- 
sion. or cancellation) date. This file was 
linked H’i th the Medicaid enrollment file to 
identify, enrollees who held valid driver’s 
licenses. The Tennessee motor vehicle crash 
file contained records for crashes repoti 
to the 7 ~nr:~sx’e Department of Safety. Re- 
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p0ns are required by l;l~ for crashes that 
in\.o\ve injur)i or propen> damages of $200 
LJr nlore. Each record idenrified the date and 
tinle ofthe crash and the number ofinvolved 
,&icles. For each of these vehicles, the rec- 
& further identified the license number of 
the driver. injunr to any occupant or pedes- 
trian. the estimated an:?unt of propert): 
damage. an estimate of UC speed at which 
the vehicle was travelling. and whether or 
not there was evidence o!‘ driver use of al- 
cohol (police reports and. for 1987- 1988. 
results of blood alcohol ICS~S). In 1986. the 
rate of involvement in any reported crash 
for Tennessee-licensed dri\*ers 65-83 years 
of age was 38 per 1.000. :i llich was similar 
to the rate of 40 per 1 .OOO ttir all United 
States-licensed drivers in this age group es- 
timated from the Nation:11 Accident Sam- 
pling System ( I). 

study cohort 

The cohort inclusion cr!rsria were age 65- 
8-l years. M  d‘ e lcaid enr~~iiment for 2365 
days. and holding a vahcj driver’s license. 
The exclusion criteria L~L~I-L‘ residence in a 
nursing horns. blindness. medically needy 
Medicaid enrollment (persons who met all 
criteria for Lledicaid eligibiiitb, except in- 
come. which. after dedi::tion of allowed 
medical expenses. fell ~x*Io\+ the income 
standard (36)). and tre:!::nent consistent 
with dementia (defined 3s receipt of more 
than a single prescription, for an antipsy- 
chotic drug or a dihydrogcnatsd ergot alka- 
loid). Although persons clualifying for the 
study at any time betwcc!: 1984 and 1988 
were included in the cohti:-.. the analysis was 
confined to thar person-r] me for which all 
entp criteria ltert? met. -r:lus. for each per- 
son in the cohort. study person-time began 
on January 1. ! 983. or thv subsequent first 
date that all study entry criteria were met. 
Person-time ended on the earliest of these 
dates: December 3 1, 198s. date of first crash 
in the study, date ofdearh. L)r first date when 
any of the stud!, entry criteria ceased to be 
met. The person-time during and shortly 
after hospital SUIJS (date oi admission 
through 30 da! s fbllo~~l:!; discharge) was 

excluded because records of medications re- 
ceived in the hospital were not present in 
the Medicaid pharmacy files. 

Drug exposure 

We studied four classes of psychoactive 
drugs: benzodiazepines. cyclic antidepres- 
sants. oral opioid analgesics, and anti- 
histamines. W ith the exception of the 
benzodiazepine hypnotics flurazepam and 
triazolam. the Medicaid formulary included 
all drugs in these classes that were com- 
monly used during the study years. We con- 
sidered other types of drugs with central 
nervous system effects, including other sed- 
atives, monoamine oxidase inhibitors. lith- 
ium, centrally acting skeletal muscle relax- 
ants. injectable opioid analgesics. opioid 
preparations for treatment of cough or diar- 
rhea. and phenothiazine antiemetics. How- 
ever. the aggregate rate of use for all of these 
drugs was only 1.5 percent: therefore, they 
were not considered in the analysis. 

Each person-day of follow-up was classi- 
fied according to potential use of the study 
drugs. Crrrrmt zue was defined as the period 
from the day following the dispensation of 
the prescription through the day following 
the last scheduled day of supply. Persons in 
the cohort were thought to be most likely to 
be exposed to drug effects during this period. 
indctcrminate tlse consisted of the day the 
prescription was dispensed and the 60 days 
following the end of current use. Because 
this period was likely to include days of both 
drug use and nonuse. it was analyzed sepa- 
rarely to reduce misclassification. Former 
ILSL’ included the remainder of the 365 days 
following the end of current use. This period 
consisted of person-time with a recent his- 
tory of study drug use. but low Iikelihood of 
current use. No~zt~se encompassed ail other 
person-time. 

Current-use person-time was further clas- 
sified by dose and duration. For each indi- 
vidual drug, the dose was calculated from 
the most recently filled prescription for that 
drug by dividing the total quantity of drug 
received by the days of supply. W ith the use 
of’ standard conversion factors for the drug 
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c las s  (37), the dose was then converted kto 
equiva lent units . To obtain the total &xe 
for a drug c lass, we summed the doses for 
all indiv idual drugs in the c lr~ss. Duration 
was defined as the number of days of unm- 
terrupted current use. 

Injurious crashes 

The study outcome was involvement ~,i a 
cohort member as a driver  in a crash re- 
ported to the Tennessee Departmen\ of 
Safety in which someone was injured. W e 
did not s tudy crashes that oni\, resulted in 
property damage because these may be sub- 

’ s tantially  underreported. To check the com- 
pletenes s  of injury  reporting, we identiCed 
those crashes invo lv ing a cohon driver  u no 
had an emergency room v is it. hospitaliza-  
tion, or death within 1 da!: following the 
crash. O f these, 86 percent had an in!Ln’ 
report in the crash file. 

Analysis 

Unadjusted rates of crash jnvolverxcnt 
were calcu lated by div iding the numbe: of‘ 
crashes by person-years (person-days/.T’\j) 
of s tudy person-time. Confidence inter:. AIS 
were ca lcu lated assuming a Poisson di3iri- 
bution for the number of crashes. The :xte 
ofcrashes by psychoact ive drug use. adjusrcd 
for several potential confounders, was cs li-  
mated from Poisson regression models  ! 38) 
using the GLIM program (35% The inl:lal 
model inc luded terms for psychoact ive c lrug 
use. demographic characteristics. length ;ind 
basis  of Medicaid enrollment. and USC’ of 
medical care in the previous 365 days. ?-he 
medical care var iables , which provided O -  
era1 indirec t measures of health status. wn- 
s is ted of ten terms: one for number of 
emergency room v is its , one for prior hohpi- 
talization, and eight for use of nonpsycxo- 
active drugs (antihypertensives. other c;ir- 
diovascu lar drugs, hypogl~ccmic  apc:.rs, 
bronchodilators. antiulcer drugs. antimiur+ 
bials . nonsteroidal antiinflammatory dregs, 
and 0th drugs). This  model was s implitled 

through backward elimination to one that 
included terms for the psychoact ive drugs. 
sex,  race, residence in an urban county (de- 
fined as a county with a c ity  of 100,000 or 
larger). age, and calendar year. The estimates 
of psychoact i\,s  drug efrects from these two 
models  did nor differ materially. 

For each category of psychoact ive drug 
use, adjusted rates of crash involvement 
were calculated by the method of marginal 
prediction (40). using the regression coeffi- 
c ients from the Poisson model. Relative ris k  
was estimated directly as the antilogarithm 
of the regression coefficients. The reference 
exposure category was that of nonuse of any 
of the s tudy drugs. The test for dose-response 
trend was performed by calculating for cuf- 
rent users the orthogonal linear polynomial 
contrast of the regression coefficients and its  
estimated var iance (4 I). Statistical s ignifi- 
cance was defined as p (two s ided) 5 0.05. 

To assess whether alcohol use was a con- 
founder, we grouped cohort drivers  involved 
in an injurious crash by psychoact ive drug 
use on the date of the crash. W e then cal-  
culated the proportions of reported alcohol 
use in each of these groups of drivers. If 
alcohol were a confounder, then these pro- 
portions would differ (34). 

W e performed a case-crossover analy s is  
(42) to assess  whether other unmeasured 
factors. such as driv ing practices, were con- 
founders. This  analysis. which was restricted 
to drivers  involved in injurious crashes 
(cases)  who had periods of both use and 
nonuse of psyc  hoactive drugs, is  appropriate 
for episodic esposures where r isk  is  in- 
creased only during periods of exposure. It 
controls  for confounding by subject charac- 
teristics that do not change during periods 
of exposure (42). Each case is  considered as 
a separate stratum. Under the null hypoth- 
esis, the probability  that the case was ex- 
posed at the time of the crash depends upon 
the ratio of total exposed to total unexposed 
person-time for that case. Thus, a summary 
(over all strata) Mantel-Haenszel estimator 
(43) of the rate ratio (and the estimated 
var iance of its  logarithm) can be ca lcu lated 
to estimate the relative r isk  during periods 
of exposure. 
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TABLE 1. Unadjusted rate of involvement in injurious crashes, by demographic chwact~ Tmeuw 
Medicaid crash study, l984- 1988 

Person-years No. of Rate per 
crashes 1,000 95% cl’ 

Entre cohort 38,701 495 12.8 11.7-13.9 

Sex 
Male 
Female 

21,403 320 15.0 13.3-16.6 
17,298 175 10.1 8.6-l 7.6 

Race 
White 29,408 348 11.8 10.6-13.0 
Black 9,293 147 15.8 13.2-18.4 

Res!dence 
Urban 
Nonurban 

8,052 135 16.8 14.0-19.6 
30,649 360 11.7 10.5-12.9 

A!? 
c75 years 24,559 319 13.0 11.6-14.4 
~75 years 14,142 176 12.4 10.6-14.2 

Years 
1984-1985 
1986- 1988 

15,139 197 13.0 11.2-l 4.8 
23,562 298 12.6 11.2-l 4.0 

* Cl, confidence Interval. 

RESULTS 

There were 16.262 persons in the study 
cohort, who had 38.X1 person-years of 
follow-up. These persons were involved in 
495 injurious crashes. a rate of 12.8 per 
1,000 person+ears (txle l), which was 
slightly higher than their o’f‘ 10.6 per 1,000 
for all driver’s license holders of comparable 
age in Tennessee. In ;!;e cohort, the inci- 
dence of crashes (table I ) was higher in men, 
nonwhites. and persons living in urban 
counties. The crashes (table 2) most com- 
monly occurred between 6 a.m. and 7 p.m., 
were at speeds of less than 45 mph (72 km/ 
hour), involved more than one vehicle, and 
caused property damagr of more than $500. 

For current users ot psychoactive drugs, 
the relative rish of in\~cS8vement in injurious 
crashes was significanti\ increased to 1.5 (95 
percent confidence int~rvai (CI) 1.2-l .9) (ta- 
ble 3). In contru, the rcLative risk for former 
users was 1. I (35 perce;:r Cl 0.8-l-4), which 
was not significantly dirrerent from 1. The 
increased risk among 1. Jrrcnt users of psy- 
choactive drugs was due to increased relative 
risks of 1.5 (95 percent CI 1.1-2-O) for cur- 
rent users of benzodiaxpines, 2.2 (95 per- 
cent CI 1 J-3.5) for cyclic antidepressants? 

TABLE 2. CharactfftbtiCs of injurious mdres: 
Tennessee Medicaid crash study, 1994-1988 

Charactefistkx % of 
cm&es 

Time of day 
6 a.m.-12 p.m. 
1 p.m.-7 p.m. 
8 p.m.-5 a.m. 

38.6 
53.7 

7.7 

Speed L 45 mph* 

Involved single vehicle 

Property damage > $500 

l Metric conversion: 72 km/hour, 

37.4 

13.7 

74.9 

and 2.1 (95 percent CI I. l-4.2) for concur- 
rent users of both types of drugs. However, 
the relative risk for current users of only 
antihistamines or opioid analgesics was 1. I 
(95 percent CI 0.7- 1.8). These two classes of 
drugs were analyzed together because the 
relative risks for each were similar (relative 
risk = 1.2 (95 percent Cl 0.6-2.4) for current 
antihistamine use; relative risk = 1.1 (95 
percent CI 0.5-2.4) for current opioid anaI- 
gesic use). There were no dose effects for 
these drugs and no modification of the effect 
of other psychoactive drugs. 

For current users of benzodiazepines or 
cyclic antidepressants, the risk of involve- 
ment in injurious crashes increased with 
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TABLE 3. Relrtive risk of involvement in injunous crashes, by use of psychoactive drugs: Tennessee 
Medicaid cmsh study, 1984-1988 

Psychoactive drug use Person-years No. of Rate’ per 
crashes 1,000 

Relative 
risk 95% cft 

None in 365 days 21.576 254 11.3 1.0 Reference 
Former use 6,690 77 12.0 1.1 0.8-l .4 
Indeterminate use 4,992 76 16.2 1.4 1.1-1.9 
Current use: any psychoacttve 

dnrg 5,53i 88 17.2 1.5 1.2-l .9 
Benzodiazepine or cyclic 

antidepressant 4.2: 5 72 18.8 1.7 1 J-2.2 
E3enmdiazepine 2.978 46 16.7 1.5 7 .l-2.0 
Cyclic antidepressant 843 18 24.4 2.2 1.3-3.5 
Both benzodiazepine and 

cyclic antidepressant 393 8 23.9 2.1 1.1-4.2 
Antihistamine or opioid an- 

algesic only 1,315 16 12.5 1.1 0.7-l .0 
+ Rates adjusted tar sg?!, 54% raw. wunty 01 resmnce, and mlendar year with Poisson regression. usiq the method of 

marginalprediiction. 
t Cl, txmMera interval. 
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FiGURE 1. ReWve risk of involvement tn I~~I:IOUS 
crashes for current users of benzodiaxwtnes. b> :ose 
in diazepam equivalents. Numbers below dose. r... V ;ber 
of oases; vertical bars, upper hatf of me 95% conf,=,mce 
interval. Tennessee Me&aid Crash Study, 1984- ; 388 

p-.01 

e-25 5Q 75-100 ,426 

Dose (mg) 

3 10 6 7 

FIGURE 2. Relattve risk of tnvolvement in injurious 
crashes for current users of cyclic antidepwsants, by 
dose in amitnptyllne equivalents. Number5 bOk?w dose. 
number of cases; vertical bars, upper half of the 95% 
conficbnce interval. Tennessee Medicaid Crash Study, 
1984-1988. 

increasing dose. For benzodiazepines (firurc 
1). the relative risk increased from I.1 (95 
percent CI 0.5-2.2) for the equivalent J 4 
mg of diazepam or less to 2 .d ( 4,5 percw : Cl 
1.3-4.4) for 20 mg or more (p = 0.05 % test 
for linear trend). For cyclic antidepreswnts 

(figure 2). the relative risk increzzd from 
0.8 (95 percent CI 0.3-2.7) for the equiva- 
lent of 25 mg of amitriptyline or less to 5.5 
(95 percent Cl 2.6- 1 I .6) for 125 mg or more 
(p = 0.0 1, test for linear trend). 
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Concurrent use of t\so different benzodi- 
,Zepines or two different cyclic antidepres- 
ants was associated with a pronounced in- 
crease in risk of involvement in an injurious 
crash (figure 3). For !?enzodiazepines. the 
relative risk increased kom 1.5 (95 percent 
Cl 1. I-2.0) for curfen: use of a single ben- 
zodiazepinc LO 4.8 (95 percent Cl 1 A- 14.5) 
for use of more than xx (p = 0.05). For 
,-vciic antidepressants. the risk increased 
from 2.0 (95 percent Ci 1.3-3.1) for current 
use of a single drug IO 9.8 (95 percent CI 
2.4-39.5) for use of illore than one (p = 
0.03). 

The risk of crash int olvement did not var\, 
significantly with durxtion of benzodiaze- 
pine or cyclic antidepressant use. For ben- 
zodiazepinos. the duration of drug use was 
5 30 days for 13 percent of current use. 3 I- 
90 days for 9 percent oi use, and > 90 days 
for 78 percent; the wqective relative risks 
were 1.3 (35 percent 21 0.6-2.9). 1.6 (95 
percent Cl O.7-3.8), and 1.6 (95 percent CI 

Benro- Cyclic 
dlazeplner Antfdspte8sant8 

51 3 24 2 

FIGURE 3. Refative nsk 01 involvement In injurious 
crashes for current users of zycl~c antidepressants and 
benzodiazepines, by number of different drugs re- 
ceived. m, one drug; E3, morti than one drug. Numbers 
below columns, number oi cases; vertical bars. upper 
half of the 95z:o confict~nce interval. Tennessee 
Medicaid Crasn Study. 19~~ .- 1988. 

I. l-2.2). For cyclic antidepressants. the du- 
ration of drug use was d 30 days for 16 
percent of current use, 3 I-90 days for 10 
percent of use. and > 90 days for 74 percent: 
the respective relative risks were 1.6 (95 
percent CI 0.5-4.8), 2.5 (95 percent CI 0% 
7.6), and 2.2 (95 percent CI 1.4-3.5). There 
were no statistically significant differences in 
risk of crash involvement between the indi- 
vidual drugs. Diazepam accounted for 38 
percent of current benzodiazepine use. ior- 
azepam for 29 percent. chiordiazepoxide for 
16 percent, clorazepate for 9 percent. and 
other drugs for 8 percent. Amitriptyline ac- 
counted for 50 percent of current cyclic 
antidepressant use, doxepin for 24 percent. 
trazodone for 9 percent, imipramine for 6 
percent. and other drugs for 11 percent. 

The increased risk of injurious crash in- 
volvement among current users of cyclic 
antidepressants or benzodiazepines was 
present in subgroups of the cohort defined 
by sex. race. county of residence- age. and 
calendar year. The risk was increased for 
various types of crashes (table 4). There were 
nonsignificant trends of increased risk for 
crashes that occurred in the morning, in- 
volved speeds ~45 mph, or involved only a 
single vehicle. For cohort drivers involved 
in an injurious crash, the proportion with 
reported alcohol use was 4.4 percent for both 
current users and nonusers of psychoactive . 
drugs. 

To assess whether other driver character- 
istics that may be associated with crash risk 
and psychoactive drug use were con- 
founders. we performed a case-crossover 
analysis. The estimates of relative risk of 
involvement in injurious crashes from this 
analysis were 2.2 (95 percent Cl 1.0-4.9) for 
current use of any psychoactive drug. 1.8 
(95 percent CI 1.2-2.9) for indeterminate 
use, and 0.8 (95 percent CI 0.5-l. 1) for 
former use, which were similar to those from 
the primary analysis. 

DISCUSSION 

In the study cohort of 16,262 elderly driv- 
er’s license holders, 14 percent of the 38,70 1 
person-years of follow-up consisted of pe- 
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TABLE 4. Relative risk of involvement in Injurious crashes for cunent users of benzodiatepines and +fic 
antidepressants, by characteristics of the crash: Tennessee Medicaid crash study, 1984-1988 

Only Only cyclic 
antldepressant Both Either 

benzochazepine 
- 

Relative 95% Cl’ Relative 
nsk risk 95% Cl Relative 

nsk 95% Cl Relative 
risk 95%CI 

Time of day 
6 a.m.-12 p.m. 
1 p.m.-7 p.m. 
8 p.m.-5 a.m. 

Speed 2 45 mph* 
No 1.3 0.9-Z.: 1.8 0.9-3.5 1.3 0.9-2.0 1.4 1 .O-2.0 
Yt?!3 1.7 1.1-2.i' 2.7 1.4-5.5 3.3 1.3-8.1 2.0 1.4-3.0 

Involved single vehicle 
No 
Yes 

1.4 l.O-2.b 1.9 1.1-3.2 2.1 1.0-4.4 1.6 1.2-2-l 
2.0 0.94.; 4.3 1 s-1 2.5 2.4 0.3-17.6 2.5 1.3-5.0 

Property damage 
> $500 

No 
Yes 

1.3 0.6-2 c 2.2 0.8-6-O 2.4 0.6-9.4 1.5 0.9-2.8 
1.5 1.1-2.: 2.1 1.2-3.7 2.0 0.9-4.6 1.7 1.3-2.3 

l Cl, wnfiica interval. 
t No current drug users in this subgroup were ~nvolvecJ in crashes. 
) Metric conversion: 72 km/hour 

riods of current psychoactive drug LX This 
exposure was associated with a 50 ;Jercent 
increased rate of involvement in ir:jurious 
motor vehicle crashes. The increa>cd risk 
was confined to current use of benzodiaze- 
pines (relative risk = 1.5) and cyclic antide- 
pressants (relative risk = 2.2). where there 
was a pronounced increase in risk \\.ith in- 
creasing dose of drug. If this association is 
causal. then our data suggest that. of the 
217.000 injurious crashes that occur each 
year among elderly drivers (IL 21 least 
16.000 are attributable to psychoacri x drug 
USC 

When cohort members were grouped by 
age. sex. race, residence. and indirect mea- 
sures of health status, the increasea risk of 
crash involvement among users of psb choac- 
tive drugs was present Gthin ail subgroups. 
and there was no statistical evidence Ihat the 
magnitude of the effect differed between 
subgroups. Similarly, psychoactive drug use 
increased the risk for all types of c.rashes, 
and the risks for users of individual benzo- 
diazepines and cyclic antldepressams Ad not 
differ. The consistency of this effec! across 
demographic and health status subgroups 
suggests that the stud)’ ikdings 3~)’ bc 
generalizable beyond the popui~on of 
Medicaid enrollees, who comprise ;f small 

proportion of a11 elderI!* drivers. However. 
other factors such as income that are asso- 
ciated with Medicaid enrollment (44) were 
not studied. Furthermore, even though our 
study encompassed nearly 500 crashes. the 
power to detect differences in subgroup anal- 
yses was limited. Additional studies in other 
populations and of how risk is afRxted by 
specific subject, crash, and drug character- 
istics are needed. 

Drug USC in the cohort was ascertained 
from computerized records of prescriptions 
filled at the pharmacy. These data provided 
sufftcient detail to classify each person-day 
of follow-up with respect to drug exposure 
and were not subject to the intentional or 
unintentional underreporting that is a major 
problem when self-reports of psychoactive 
drug use arc obtained from persons involved 
in crashes ( 30). However. noncompliance or 
use of drugs from other sources would re- 
duce the accuracy of this measure of drug 
exposure. Because the resulting miscIassifi- 
cation would most probably be nondiffer- 
ential. it would introduce a conservative bias 
(49, causing our estimates to underestimate 
the true tisk associated with psychoactive 
drug use. Thus. exposure miscim~fication is 
unlikely to explain the increased crash risk 
among current users of cyclic antidepres- 

- , ,, i 

ii tihistamir 
most car 

C; half-lives 
Two t\ 

populatit 
chlordia; 
prolonge 
chomotc 
Althou@* 
which a 
maining 
by agin: 
thus. it 
Because 

++ghort h: 
the use 

I fife km 
patient* 

6 
their p 
involve 

Am? 



Psychoactive Drugs and Crashes 881 

.7 1.3-2.3 ? 

) *‘; 

ers. However, 
that are asso- 

lent (44) were 
3n though our 
0 crashes, the 
;ubgroup anal- 
:udies in other 
is affected by 

irUg exposure ‘3 
ntentional or 
hat is a major 
psychoactive 

sons involved 
.ompliance or 
zes would re- 
Isure of drug 
g misclassifi- 
*x nondiffer- 
iervative bias 
nderestimate 
psychoactive 
z8ification is 
td crash risk 
8 antidepres- 

Saflts and benzodi2zepines. However, our 
tinding of no signili<antly increased risk for 
scdating rtntihistamlnes should be inter- 
preted cautiousI>. 2s these drugs are widely 
,Laailabits in over-the-counter products. 

We did nor ha\*c Information on whethx 
persons a\toided driving after taking drugs. 
as is usurlll~ recommended for sedating meci- 
ications. Because the individual benzodiazs- 
pines and Cj jc!ic antidepressants that ac- 
counted L3r most ot‘ the use of these drugs 
had elimination h:I\f-lives ranging from i-t 
hours (lorazepam (46)) to more than 72 
hours (diazepam (-CT)). regular users could 
not avoid exposure to psychomotor effects. 
However. refraining from driving while 
medicared may panially explain the lack of 
increased risk for cjpioid analgesics and an- 
tihistami nr’s. where the compounds used 
most commonly bh cohort members hacl 
half-lives of 3-8 ho:irs (37). 

Two tmrds of bc!:zodiaztpine use in this 
popular\on were 01‘ drugs such as diazepam. 
chlordiazepoxide. :!nd clorazepate that ha\ t‘ 
prolonged elimin:!: !on and persistent ps, - 
chomotor effects ir-. ttldcrly patients ( 14. 47 1. 
.\lthough the mcrabolism of lorazepam. 
Lvhich accounted t;)r nearI>. all of the r-r’- 
maining bcnzodiazcpinc use. 1s little affected 
by aging. Its half-i& is 14 hours (46) ant:. 
thus. it may have residual sedative effect<. 
Because of concerns with the safety of ultra- 
short half-life agen:c such as triazolam (48 i. 
the use of these ions and intermediate halt- 
life benzodiazepines may increase in elderi!, 
patients. It will t-~ important to consider 
their potential effc:ts on the risk of crasn 
invol\*em<nt and 01 other injuries (49). 

Amitrip~~line and doxepin were the most 
commonI> prescn’ned cyclic antidepre+ 
sants. ~hlch is col;Gsrc’nt with national USC 
patterns in the elderly (33). Among drugs III 
this cl;th~ these tcrriar; amIne compounch 
have a rel~tivel\ hi;:h incidence of sedati\c 
and anticholinctyL cf‘fects (50) 2nd ha\ c 
been S~CII\ n to imi)dir road-tracking ability, 
during highua>r ciiiving (27). Seconckm 
amine compounds L~ct~ as nortriptyline and 
desipramine currcntl), are the prefer& 
cyclic tinlideprcsznts for elderly patien:, 
( 50). As the USC cs< ri 1 c‘st- drugs and of specific 
serotonin reuptrth,:* :nl;ibitors with few sed- 

ative effects (5 1) increases in older drivers, 
further studies to evaluate their effects on 
driving safety are needed. 

There were several potential confounders 
that were not controlled for directly in the 
primac analysis, including health status, al- 
cohol use, driving frequency, and drug in- 
dication. Poor health could be associated 
with psychoactive drug use and predispose 
drivers to either increased risk of involve- 
ment in crashes or increased likelihood of 
sustaining an injury during a crash. How- 
ever. control for surrogate measures of poor 
health in the multivariate analysis, including 
recent history of hospitalization or emer- 
gency room visits and use of prescribed med- 
ications. did not alter our findings. The lack 
of an association between former use of 
psychoactive drugs and crash involvement 
was further evidence that the association 
with current drug use did not result from 
confounding by chronic illness. 

Alcohol use is a major risk factor for 
crashes in younger drivers (52). If our find- 
ings were due to confounding by alcohol 
use. then Acohol use among cohort drivers 
involved in injurious crashes would have 
been highest for those who were current 
users of psychoactive drugs (34). Our data 
that alcohol use was reported for 4.6 percent 
of crash involvements among both current 
users and nonusers of psychoactive drugs + 
indicate that this factor was not a con- 
founder. It is possible that alcohol was an 
effect modifier that potentiated or enhanced 
the effects of benzodiazepines and antide- 
pressants ( 10). However. the very low pro- 
portion of crashes with reported alcohol use, 
which is consistent with behavioral risk fac- 
tor surveys indicating that fewer than 4 per- 
cent of elderly drive after using alcohol (53), 
suggests that synergistic effects were of lim- 
ited import. 

We did not have information on how 
frequently cohort members drove. This 
would be a confounder only if current users 
of psychoactive drugs drove more frequently 
than other persons in the cohort. Evidence 
that such confounding did not occur is pro- 
vided by the lack of increased risk among 
former USCI-s and b,v the similarity of results 
obtained fiorn the case-crossover analysis, 
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which controls for confounding b>v sub.icct 
characteristics that do not change during 
periods of drug use (42). 

There is some evidence that the ps!chiat- 
ric disorders leading to the use of these drugs. 
particularly depression and dementu ma>. 
themselves increase the risk of crash in L*ol \le- 
ment. Major depression is often associated 
with psychomotor retardation. including 
impaired information processing. Iczrning. 
memory, and tracking skills (54). Demsntia. 
in which concomitant depressive symptoms 
or agitation may lead to prescription of an 
antidepressant or a benzodiazepine, is asso- 
ciated with marked performance impair- 
ment and increased risk of crash in\ulve- 
ment (55). 

Because we did not ha1.e informatlc~n on 
affect or cognition, we could not assc’ss the 
extent to which confounding by indication 
contributed to the increased crash risk 
among users of cyclic anCdepressar?ti 2nd 
benzodiazepines. There XC two lines oi In- 
direct evidence that such confounding doss 
not explain our findings. First, there arc data 
suggesting that, among persons with ps!*chi- 
attic illnesses, drug use independenrfb. im- 
pairs performance. This has been re;>oned 
in short-term placebo-controlled trials in 
persons with major depression (56 1. high 
levels of anxiety (57), or periodic insomnia 
(25). A recent observationa\ study of cirkers 
with dementia found that sedatitpc drug use 
independently increased rhe rish 0:‘ crash 
involvement (58). Second. the concor&nce 
of increased crash risk with periods 0;‘ active 
drug treatment and higher doses ii most 
consistent with a drug eFcct. How’e\,:r. fur- 
ther research to delineate the respecti, t’ con- 
tributions of drug and disease sho& hrive 
high priority because current use ot c!lciic 
antidepressants or benzodltizepincs, N lletner 
because of psychiatric illness or direi drug 
effects, identified elderly drivers wirh mare- 
rially increased risk of crash involvcm~nr. 
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